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1
COMBUSTION SYSTEM

FIELD

This mnvention relates to an improved combustion system.
The invention may be particularly suitable for use in relation
to domestic wood burners, which burn biomass fuels, and
for convemence only therefore, the imnvention will be pre-
dominantly described in relation to such use.

However, 1t 1s to be understood and appreciated that the
invention may also have other applications and/or uses—{tor
example, 1n relation to open fireplaces, masonry fireplaces,
furnaces, o1l, and gas fireplaces, and so on. The combustion
system may also have industrial applications or uses.

The prior art and possible applications of the invention, as
discussed below, are therefore given by way of example
only.

BACKGROUND

A problem associated with the burming of biomass fuel 1n
general 1s the production of air pollutants. For example, the
burning of biomass fuel (and particularly the ineflicient
burning of biomass fuel) may produce volatile, toxic, or
other undesirable gases. Furthermore, large amounts of
smoke and particulate matter may also be released nto the
atmosphere.

In this regard open fireplaces are particularly ineflicient.
That 1s, open fireplaces usually produce larger amounts of
air pollutants, as compared to enclosed fireplaces. Further-
more, an open fireplace generally only provides heat directly
in front of the fireplace, with the vast majority of the heat
being lost up through the chimney or out through the rear
wall of the fireplace.

The mefliciency of open fire places has been addressed to
a certain extent by the use of domestic furnaces. Examples

can be found 1n U.S. Pat. No. 4,559,882 (Dobson) and U.S.

Pat. No. 4,630,553 (Goetzman).

However, whilst the problems of the ineflicient burning of
biomass fuel for space heating can be addressed somewhat
with a furnace, the extra capital cost 1s not always necessary,
practical, or affordable. Moreover, furnaces are usually
closed off from view, and do not therefore provide the

psychological or aesthetic benefits that are derived from
seeing (or hearing) flames.

Perhaps as a result, domestic wood burners have become
increasingly more popular over the years, and are now 1n
widespread use. “Wood Stove” 1s another common term for
such appliances, particularly 1n North America.

Wood burners generally comprise a metal firebox, into
which biomass fuel may be placed and burnt, an adjustable
air control or damper, and an exhaust tlue. Many, i not most,
wood burners also have a glass door through which the fire
and/or tlames may be viewed.

The combustion of biomass fuel 1s a complex process, and
includes a range of chemical reactions.

The main stages associated with combustion are drying,
pyrolysis, combustion and reduction, which 1f done correctly
produce the combustible gases carbon monoxide and hydro-
gen (along with small amounts of other gases such as
methane). The carbon monoxide and hydrogen can then be
combusted separately during what 1s known as secondary
combustion to yield water and carbon dioxide (and heat).

However, most wood burners lack the ability to
adequately combust or convert the combustible gases (dur-
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ing secondary combustion) due to the wood burner not being
able to produce and/or maintain high enough temperatures to
do so.

That 1s, the temperature required to combust or convert
most of the various combustible gases (and/or particulate
matter) 1s between 500-800° C.

In general terms, to ensure complete combustion of the
biomass fuel, and any resulting combustible gases and/or
particulate matter, the fire needs to reach and consistently
maintain a temperature of 750° C. or greater ({or the entire
flame path). And whilst many prior art wood burners can
attain such a temperature at times, they lack the ability to
consistently maintain the fire above this temperature—
resulting 1n periods of incomplete combustion.

U.S. Pat. No. 4,672,946 (Craver) describes a wood burner
which has a secondary combustion means for burning the
particulate matter in the flue gases. However, the tempera-
ture reached within the firebox of the Craver device 1s stated
as being only around 540° C. (1000° F.) and the secondary
combustion region only reaches up to around 760° C. (1400°
F.). Hence, a disadvantage associated with Craver 1s that the
wood burner 1s not able to maintain temperatures high
enough to consistently combust or convert the combustible
gases and/or particulate matter.

It may be of advantage therefore 1f there was a combus-
tion system which had the ability to reach and maintain
temperatures high enough to consistently combust or con-
vert the combustible gases and/or particulate matter.

In recent times, many countries or local bodies have
introduced regulations to restrict the sale of inefhicient
and/or polluting wood burners.

For example, 1n New Zealand the generally allowable
standard for wood burners 1s a maximum of 1.5 grams of
particulate matter released per kilogram of wood burned,
accompanied by a mimmum efliciency of 65%. However,
some regions have gone further than this. For example, the
Canterbury Regional Council in New Zealand (which 1s 1n
the region of a weather-inversion layer) has lowered these
levels to 1.0 grams of particulate matter per kilogram of
wood burned. The Regulations further restrict the use of
wood with a moisture content higher than 25%.

However, these Regulations are not retrospective, and
hence they only have eflect 1in relation to wood burners
manufactured and sold after the Regulations came 1nto force.
Moreover, to date there have been no innovations which
have enabled people to bring their older wood burners up to
modern compliance levels (voluntarily or otherwise).

It may be of advantage therefore 1f there was available a
combustion system which was able to be retro-fitted to an
existing wood burner, for example to increase 1ts efliciency
and/or to bring 1t up to modern compliance standards.

Two factors which usually have the most detrimental
ellect regarding the ethiciency of, and/or the release of air
pollutants from, a wood burner are to do with refueling the
wood burner and when shutting down or reducing the air
supply to the wood burner.

Refueling causes quenching, a situation where the intro-
duction of fresh fuel to the fire 1s not supported by the heat
contained within the existing fire to adequately pyrolyse the
biomass. As a result, visible smoke and particulate matter
are often seen exiting the top of the flue or chimney at this
time. This can take a while to subside as enough heat builds
up in the fire to commence the correct chemical processes
required to efliciently and/or completely combust the fresh
fuel.

Hence, a common problem associated with existing wood
burners 1s that during times of refueling, and the resultant
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quenching, the temperature within existing wood burners
decreases significantly, and to temperatures below that at
which the wood burner 1s able to efliciently or fully combust
or convert the combustible gases and/or particulate matter—
as described previously.

A wood burner user may wish to reduce the air supply to
keep the fire burning longer and/or while they are asleep.
This 1s known as “banking”. In doing so, they generally
place a full load of biomass fuel 1n the wood burner and shut
down (or minimise) the air supply to prolong the burn time.
However, the reduction 1n available oxygen and the corre-
sponding detrimental eflect on combustion results 1n more
air pollutants being produced and released. Because this
often results 1n the amount of air pollutants exceeding the
mimmum regulated amounts, many modern wood burner
designs have denied the user the ability to shut down the air
supply.

The air supply also aflects the dynamics of wood burners
because a greater draught causes more heat to be generated,
but a greater portion of heat 1s lost up the flue. The higher
velocity of gases also results 1n more particulate matter
being exhausted to the atmosphere.

Conversely, a lesser draught reduces the amount of par-
ticulate matter being exhausted from the combustion cham-
ber but also reduces the heat output. However, although less
heat may be generated, less heat 1s also lost to the atmo-
sphere as the heat has more time to radiate off before being
exhausted.

Or to put 1t another way, increased air supply means
greater heat, but lower efliciency, however the greater heat
actually results 1n a cleaner burn which lowers the emis-
sions. With a lesser air supply, the fires get greater efliciency
but the lower heat increases emissions.

It may be of advantage therefore 11 there was available a
combustion system which was both hot and eflicient, result-
ing in both greater heat and fewer emissions.

Many existing wood burners have a primary combustion
zone for pyrolysising and/or combusting the biomass fuel,
and a secondary combustion zone for subsequently combus-
ting the combustible gases and/or particulate matter pro-
duced from the pyrolysis and/or combustion of the biomass
fuel.

Such wood burners oiten introduce a secondary air supply
into the wood burner, 1n the region of the secondary com-
bustion zone, designed to add extra oxygen and/or create

turbulence, 1n an attempt to aid combustion. Examples of
such wood burners mclude U.S. Pat. No. 4,856,491 Fergu-

son et al, U.S. Pat. No. 4,832,000 Lampa, U.S. Pat. No.
4,854,298 Craver and US 2011/0005509 Marple.

However, a disadvantage associated with such wood
burners 1s that the introduction of the turbulent secondary air
serves to 1ncrease the air supply (and oxygen content),
resulting 1n greater heat but lower efliciency, as described
above. Furthermore, the secondary air supply 1s not heated,
and it therefore has the eflect of quenching the fire when 1t
1s first introduced.

WO 2012/150868 Stewart describes a combustion system
which includes a secondary air supply means which 1ntro-
duces heated secondary air into the region of the secondary
combustion zone, with the secondary air supply being
sourced from within the firebox. An advantage of such a
system 1s that the secondary air supply means takes already-
hot air from within the firebox, and super heats it, before
introducing 1t ito the secondary combustion zone (where
the very high temperature of the air—not the oxygen content
or turbulence—agreatly assists combustion in the secondary
combustion zone).
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Whilst the combustion system described in Stewart 1s
very eflective, the oxygen content of the secondary air 1s
minimal given that the secondary air 1s sourced from within
the wood burner. Furthermore, the secondary air 1s heated by
exhausting flue gases and the primary combustion zone,
whereas the hottest region of the fire, and therefore perhaps
the best region to heat the incoming secondary air, 1s the
charcoal/reduction layer formed below the primary combus-
tion zone and/or the region of the secondary combustion
Zone.

Having regard to the foregoing, 1t may be advantageous 11
there was available a relatively simple and/or improved
combustion system, which included primary and secondary
combustion zones which were able to result in the more
ellicient combustion of biomass fuels and/or result 1n a lesser
amount of air pollutants being released, as compared to
presently available or prior art combustion systems or wood
burners.

OBJECT

It 1s an object of the present mmvention to provide a
combustion system which goes some way towards address-
ing one or more ol the above problems or difhiculties, or
which at the very least provides the public with a usetul
choice.

DEFINITIONS

Throughout this specification unless the text requires
otherwise, the word ‘comprise” and variations such as ‘com-
prising’ or ‘comprises’ will be understood to imply the
inclusion of a stated integer or step or group of integers or
steps but not the exclusion of any other integer or step or
group of integers or steps.

Throughout this specification, the term “biomass™ or
“biomass fuel” 1s to be understood to include reference to
any type ol fuel which may be used for burning in a
fireplace. Examples include (but are not limited to) wood,
bark, sawdust, sawdust pellets, brush, straw, logs, coal,
charcoal, o1l and gas.

Throughout this specification, the term “wood burner” 1s
to be understood to refer an enclosed firebox (oiten metal),
and which (usually) has an adjustable air supply, and which
1s connected to a suitable exhaust flue. Other common names
for a wood burner are “solid fuel burner” or “appliance”.
Moreover, terms such as “wood stove” or “wood burning
stove” appear to be the names more commonly used 1n North
America.

Throughout this specification, the term “fireplace™ 1s to be
understood to include any type of structure used for con-
taining or housing a fire. Examples include (but are not
limited to) wood burners, open fireplaces, masonry fire-
places and furnaces.

STATEMENTS OF INVENTION

According to one aspect of the present invention, there 1s
provided a combustion system, said combustion system
including;

a) a fireplace, said fireplace including;:

1. a firebase at, or forming, the bottom of the fireplace,

11. a primary combustion zone for pyrolysising and/or
combusting a biomass fuel,

111. a first air supply means for supplying primary air to
the primary combustion zone,
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1v. a secondary combustion zone for combusting gases
and/or particulate matter produced from the pyroly-
sis and/or combustion of the biomass fuel,

v. an exhaust flue,

b) a second air supply means for introducing heated
secondary air mto, or adjacent to, the secondary com-
bustion zone, the arrangement and construction being
such that said secondary air passes through (or adjacent
to the region of) the secondary combustion zone, to
thus heat the secondary arr.

According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein said fireplace 1s an open fireplace.

In the case of an open fireplace, the first air supply means
may simply be provided for by the surrounding air.

According to an alternative aspect of the present inven-
tion, there 1s provided a combustion system, said combus-
tion system 1ncluding:

a) a wood burner, said wood burner including:

1. a firebox,

11. a firebase at, or forming, the bottom of the firebox,

111. a primary combustion zone for pyrolysising and/or
combusting a biomass fuel,

1v. a first air supply means for supplying primary air
into the firebox,

v. a secondary combustion zone for combusting gases
and/or particulate matter produced from the pyroly-
sis and/or combustion of the biomass fuel,

vi. an exhaust flue,

b) a charcoal/reduction layer which forms below the
primary combustion zone, and/or in the region of the
secondary combustion zone and/or between the pri-
mary combustion zone and the secondary combustion
zone, the arrangement and construction being such that
the gases and/or particulate matter produced from the
pyrolysis and/or combustion of the biomass fuel 1n the
primary combustion zone have to pass over, or through,
said charcoal/reduction layer prior to entering the sec-
ondary combustion zone and/or the exhaust flue,

¢) a second air supply means for introducing heated
secondary air into the firebox, the arrangement and
construction being such that said secondary air passes
through (or adjacent to the region of) the charcoal/
reduction layer and/or the secondary combustion zone,
to thus heat the secondary air as 1t 1s being introduced
into the firebox.

The firebase may be the floor or bottom of the firebox of

the wood burner.

The firebase may also include a grate which i1s housed
within (or which forms) the tloor of the firebox of the wood
burner. In such an embodiment, ash may collect below the
grate where it may be removed, for example by opening a
lower door or tray 1n the wood burner specifically for this
purpose.

Preferably, the fireplace may include a primary combus-
tion zone for pyrolysising and/or combusting the biomass
fuel.

Preferably, the combustion system may include a first air
supply means for supplying primary air into the firebox, for
example for supplying primary air for pyrolysising and/or
combusting the biomass fuel i the primary combustion
Zone.

The first air supply means may, for example, be provided
by an air duct leading into the firebox of the wood burner.
The amount of air that may be permitted to enter the wood
burner may be adjustable, for example by the operation of an
air damper lever with respect to an air valve.
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Preferably, the combustion system may include a drying
zone for drying the biomass fuel and/or removing water
from the biomass fuel prior to the pyrolysis and/or combus-
tion of the fuel.

The drying zone may preferably be situated above the
primary combustion zone. That 1s, biomass fuel may be
introduced above the primary combustion zone 1n an area
that forms, and serves, as a drying zone. Provision for
introducing biomass fuel may, for example, be provided via
a hinged door at the top or front of the wood burner.

It 1s also envisaged that the drying zone may be included
within, or comprise part of, the primary combustion zone.

Preferably, the wood burner may include a secondary
combustion zone for combusting gases and/or particulate
matter produced from the pyrolysis and/or combustion of the
biomass fuel.

Preferably, the combustion system or wood burner may
include an exhaust flue.

The exhaust flue may preferably extend through the top or
rear (or side) of the firebox of the wood burner, and
subsequently extend up through the roof or ceiling of the
dwelling where the wood burner 1s housed.

In one embodiment, the exhaust flue may include a lower
portion, with the lower portion extending to a position near
to, or adjacent, the secondary combustion zone and/or the
firebase and/or the charcoal/reduction layer. An example of
such an arrangement 1s described in WO 2012/150868
Stewart, and the contents of that patent are therefore incor-
porated herein by reference.

Preferably, the combustion system, when 1n operation,
may include, or result 1n, a charcoal/reduction layer which
forms below the primary combustion zone, and/or in the
region of the secondary combustion zone and/or between the
primary combustion zone and the secondary combustion
zone, the arrangement and construction being such that the
gases and/or particulate matter produced from the pyrolysis
and/or combustion of the biomass fuel in the primary
combustion zone have to pass over, or through, said char-
coal/reduction layer prior to entering the secondary com-
bustion zone and/or the exhaust flue.

According to another aspect of the present invention there
1s provided a combustion system substantially as described
above, wherein said exhaust flue includes a lower portion,
and said lower portion extends to a position near to, or
adjacent, said secondary combustion zone and/or said fire-
base and/or said charcoal/reduction layer.

For example, 1t may be appreciated that by extending the
flue towards the secondary combustion zone and/or said
firebase and/or said charcoal/reduction layer, the combus-
tion gases generated from the primary combustion zone are
required to travel down and across to the mouth of the flue
in order to enter the flue. This has the effect of drawing the
combustion gases across the charcoal/reduction layer, thus
enhancing the further reduction of volatiles and steam to
combustible gases such as hydrogen and carbon monoxide.
The natural draught (or drawing eflect) created by the
exhaust flue should be adequate to facilitate this process.
Moreover, this means that the lower portion of the exhaust
flue may therefore help to create and/or fuel the secondary
combustion zone at (or adjacent) 1ts opening.

Preferably, the combustion system may include a second
air supply means for introducing heated secondary air into
the firebox, the arrangement and construction preferably
being such that the secondary air passes through (or adjacent
to the region of) the charcoal/reduction layer and/or the
secondary combustion zone to thus heat the secondary air as
it 1s being introduced into the firebox.
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According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein said secondary combustion zone 1s
partially or wholly surrounded by, and/or insulated by,
and/or encompassed by said primary combustion zone.

It may be appreciated that such an arrangement enables
very high combustion temperatures to be attained, and
maintained, in the region of the secondary combustion zone.
That 1s, the combustion system 1s, in essence, insulating fire
with fire and this 1s a sigmificant feature of, and/or advantage
associated with, the present invention.

According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein the second air supply means
sources secondary air from outside of the firebox.

According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein said second air supply means 1s 1n
the form of one or more apertures formed 1n the firebase of
the firebox, whereby said secondary air 1s introduced 1nto the
firebox via said one or more apertures.

According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein said one or more apertures are
formed i1n the firebase below the secondary combustion
Zone.

According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein said one or more apertures are
formed 1n the firebase below the charcoal/reduction layer.

According to an alternative aspect of the present mven-
tion, there 1s provided a combustion system, substantially as
described above, wheremn said second air supply means
includes an air channel which penetrates the exhaust flue and
which extends to a position near to, or within, said secondary
combustion zone and/or said charcoal/reduction layer.

In such an embodiment, it may be preferable to create an
aperture in the exhaust flue at a point above the top of the
firebox of the wood burner. An air channel may then be
inserted through this aperture and be extended downwards to
the secondary combustion zone and/or the charcoal/reduc-
tion layer.

According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein the combustion system further
includes insulation means for msulating the region of the
secondary combustion zone and/or the charcoal/reduction
layer.

One purpose of the insulation means may be to maximise
temperatures within the secondary combustion zone.

An example of a suitable isulation means may be a block
of a heat resistant and/or insulative material, such as bricks
or a high thermal resistant ceramic material.

In one embodiment, the insulation means may preferably
include one or more apertures, through which the secondary
alr may pass.

Preferably, the insulation means may be 1n the form of a
ceramic disc.

Alternatively, the mnsulation means may be a cast iron
disc.

Whilst not an essential part of the invention, the insulation
means may also serve to introduce a degree of air turbulence
or mixing into the secondary combustion zone. The 1ntro-
duction of a degree of turbulence 1nto the secondary com-
bustion zone may serve to enhance the efliciency of com-
bustion and/or maintain high temperatures.
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In another embodiment, the inside of the firebox may be
lined with an 1insulative material, such as a ceramic material,
in order to maximise heat within the primary combustion
zone and/or the firebox of the wood burner. In such an
arrangement, the ceramic maternial may be contoured or
shaped so as to minimise any dead air zones within the
firebox and/or maximise overall air flows within the firebox.

In this regard, and in one embodiment, one or more
apertures may be drilled (or formed) into the sides and/or

rear of the firebox 1n order to minimise any dead air zones
within the firebox and/or maximise overall air flows within
the firebox.

According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein the second air supply means
sources secondary air from inside of the firebox.

According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein the combustion system may be
retro-fitted to an existing wood burmer.

In such an embodiment, the combustion system may be
retrofitted to existing {fireplaces by making appropnate
modifications or alterations.

Alternatively, the invention may be incorporated into new
fireplaces.

The 1gnition point of wood gas, according to various
reports 1s between 300° C. & 600° C., most likely towards
the upper end of that range—whaich 1s actually quite difficult
to achieve.

However, with my combustion system, where secondary
air 1s preferably introduced through the very hot charcoal/
reduction layer and/or the very hot secondary combustion
zone, the secondary air 1s pre-heated above 600° C. Late 1n
the burn cycle of a batch a fire cools quite significantly, and
I believe the charcoal/reduction layer (or the secondary
combustion zone) 1s the only place left where the tempera-
ture consistently remains above 600° C. When new fuel 1s
introduced to my combustion system, I am getting 1gnition
instantaneously, whereas other prior art fireplaces take con-
siderable time to reach this temperature. Hence, while prior
art fireplaces are getting back up to temperature, they are
emitting polluting gases and particulate matter.

Or 1n other words, there 1s no quenching of the fire of my
combustion system upon the introduction of new fuel—as
happens with other fire places. This 1s therefore an important
feature of, and significant advantage associated with, my
combustion system.

According to another aspect of the present invention,
there 1s provided a combustion system, substantially as
described above, wherein said combustion system 1ncludes
a control means for controlling the transfer of the gases
and/or the particulate matter produced from the pyrolysis
and/or combustion of the biomass fuel.

In such an embodiment, the control means may be
adapted to restrict the flow of the gases and/or the particulate
matter from the primary combustion zone to the secondary
combustion zone. Preferably the control means may be
adjustable.

For example, a sleeve may be fitted either partially or
tully around the secondary combustion zone to partially (or
tully) restrict the flow of the gases and/or the particulate
matter from the primary combustion zone to the secondary
combustion zone.

Alternatively, or additionally, the flue may contain a
telescoped, or telescopable, portion which may be extended
or retracted, to thus narrow or expand respectively, the gap
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through which the flow of the gases and/or the particulate
material from the primary combustion zone enter into the
secondary combustion zone.

In such an embodiment, the control means may be utilised
to provide for a substantially free tlow of air while the
fireplace 1s in the warm up phase. However, when the
fireplace 1s hot the fire will be more eflicient, and maintain
a higher temperature, 11 the transfer of the gases and/or the
particulate matter from the primary combustion zone to the
secondary combustion zone 1s restricted.

Moreover, the control means may be utilised to facilitate
a diflerent transfer rate of gases and/or particulate matter
from the primary combustion zone to the secondary com-
bustion zone, as required or as desired.

The control means may be operated manually or alterna-
tively it may be adapted to operate automatically.

According to another aspect of the present nvention,
there 1s provided a combustion system, substantially as
described above, wherein the firebase 1s tapered and/or
stepped towards the secondary combustion zone and/or the
charcoal/reduction layer.

An advantage of such an embodiment 1s that the tapered
and/or stepped firebase helps to accumulate hot embers
and/or charcoal towards, or over, the entrance to the sec-
ondary combustion zone.

According to another aspect of the present invention,
there 1s provided a combustion system, said combustion
system 1ncluding a wood burner, and said wood burner
including:

a) a primary combustion zone,

b) a secondary combustion zone,

the arrangement and construction being such that said

secondary combustion zone 1s partially or wholly sur-
rounded by, and/or insulated by, and/or encompassed
by said primary combustion zone.

The importance of this “thermal layering” feature of the
invention cannot be over emphasised. By essentially 1nsu-
lating fire with fire, this 1s a very eflective system {for
reaching and consistently maintaining hot temperatures
within a fireplace, and for achieving maximum combustion
ciliciency.

In a preferred embodiment, the secondary combustion
zone may be fully encompassed within and/or surrounded
by, the primary combustion zone—to ensure maximum
heating of, and/or insulating of, the secondary combustion
zone by/from the primary combustion zone.

PREFERRED EMBODIMENTS

The description of a preferred form of the invention to be
provided herein, with reference to the accompanying draw-
ings, 1s given purely by way of example and 1s not to be
taken 1n any way as limiting the scope or extent of the
invention.

DRAWINGS

FIG. 1: 1s a cut-away, side view ol one possible embodi-
ment of the present invention,

FIG. 2: 1s a perspective view of the embodiment illus-
trated 1n FIG. 1,

FIG. 3: 1s a cut-away, side view of another possible
embodiment of the present invention,

FI1G. 4: 1s a cut-away, side view of an embodiment of the
present mvention which has a rear exit flue,

FIG. 5: 1s a cut-away side view of an embodiment of the
present mvention which includes a tapered firebase,
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FIG. 6: 1s a view ol a control means, for use with the
present invention.

FIG. 7: 1s a table showing test result for an embodiment
of the combustion system.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Having regard to FIGS. 1 and 2 there 1s shown a com-
bustion system generally indicated by arrow 1.

The combustion system 1 includes a fireplace 1n the form
of a wood burer 2.

The wood burner 2 includes a metal firebox 8. The firebox
8 includes a firebase 3, which effectively forms the floor of
the firebox 8 of the wood burner 2.

The wood burner 2 also includes a primary combustion
zone, generally indicated by arrow 4, for pyrolysing and/or
combusting wood 6, and a secondary combustion zone,
generally indicated by arrow 5, for combusting gases and/or
particulate matter produced from the pyrolysis and/or com-
bustion of the wood 6.

The wood burner 2 includes a first air supply means 15 1n
the form of an adjustable air damper (not shown). The first
air supply means 15 serves to provide a primary air supply
into the firebox 8, and more particularly into the primary
combustion zone 4.

The wood burner 2 also includes an exhaust tlue, gener-
ally indicated by arrow 7.

The upper part 9 of the exhaust flue 7 extends out of the
top 10 of the firebox 8 and ultimately extends up and out
through the ceiling and roof of the dwelling 1n which the
wood burner 2 1s housed.

The lower part 11 of the exhaust flue 7 extends into the
firecbox 8 to a position near to, or adjacent, the secondary
combustion zone 3 (just above the firebase 3). This results 1n
the downdraft or side draft of the combustion gases and/or
particulate material. That 1s, the combustion gases and/or
particulate material produced by the pyrolysis and/or the
combustion of the wood 6 1n the primary combustion zone
have to work their way downwards 1n order to be able to
enter the open end of the lower part 11 of the exhaust flue
7. This downdratt (or side draft) 1s primarily facilitated by
the updraft created as heat travels up the flue 7 on the way
to being exhausted through the roof or ceiling (that 1s, 1n the
direction of arrow 21).

The lower part 11 of the exhaust flue 7 may be retrofitted
to existing wood burners 2. This 1s an important feature of
the invention, as it allows for the combustion system to be
fitted to the many wood burners that are currently being
used. Furthermore, owners of wood burners may be encour-
aged to retro-fit the combustion system 1 to their wood
burners given that the cost 1s minimal and the process
simple. And because theirr modified wood burner will pro-
duce far fewer (or negligible) emissions, this clearly has
positive environmental considerations. Moreover, 11 the only
option to having a more eflicient wood burner was to
purchase a replacement wood burner, this cost may be
prohibitive for many people.

With respect to the embodiment illustrated, the lower part
11 of the exhaust flue 7 may be mnserted into the firebox 8
and crimped onto the lower portion of the upper part 9 of the
exhaust flue 7. Alternatively, the lower part 11 of the exhaust
flue 7 may be slid into the bottom of the upper part 9 of the
exhaust flue 7. Furthermore, the lower part 11 of the exhaust
flue may be adjustable whereby the gap between the bottom
of the lower flue 11 and the firebase 3 may be adjusted, as
required or as desired.
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An advantage of such an arrangement 1s that the com-
bustion system 1 may therefore effectively be retrofitted to
existing wood burners 2, thus bringing them up to modern
compliance standards. Furthermore, the task of retrofitting to
existing wood burners 2, as described above, 1s a relatively
simple, quick and mexpensive operation.

Alternatively, the lower part 11 of the exhaust flue 7 may
be 1ncorporated into new wood burners 2.

In the embodiments illustrated the combustion system 1,
when 1n operation, results in a charcoal/reduction layer 12
forming below the primary combustion zone 4, and in the
region between the primary combustion zone 4 and the
secondary combustion zone 3. The arrangement and con-
struction 1s such that the gases and/or particulate matter
produced from the pyrolysis and/or combustion of the wood
in the primary combustion zone 4 have to pass over or
through the charcoal/reduction layer 12 prior to entering the
secondary combustion zone 35 and/or the exhaust flue 11.

The secondary combustion zone 5 1s wholly surrounded
by the primary combustion zone 4. The only part of the
secondary combustion zone 5 which 1s not surrounded by
the primary combustion zone 4 1s where the secondary
combustion zone 3 abuts the near side wall of the firebox 8.

Because the secondary combustion zone 3 1s surrounded
by the primary combustion zone 4 (as well as being sur-
rounded by the charcoal/reduction layer 12), the combustion
system 1 1s able to reach, and consistently maintain, hot
temperatures within the wood burner 2, as well as being able
to achieve maximum combustion efliciency (as will be
evidenced later in this specification).

That 1s, the fire-insulated secondary combustion zone 35
keeps temperatures high enough to combust even the com-
pounds with the highest self-ignition temperatures and sub-
sequently the combustion system 1 produces very low
emissions. Particulate and carbon monoxide emissions for
the combustion system 1 have 1n fact been measured and are
lower than that published for natural gas (as will be evi-
denced later 1n this specification).

The combustion system 1, when 1n operation, often results
in an ash layer 13 forming on the firebase 3 below the
primary combustion zone 4 and charcoal/reduction layer 12.

The wood burner 2 also includes a drying zone 14 for
drying the wood 6 and/or removing water from the wood 6
prior to the pyrolysis and/or combustion of the wood 6 in the
primary combustion zone 4. The drying zone 14 is situated
above (or within) the primary combustion zone 4. Provision
tor introducing wood 6 to the wood burner 2 1s via a hinged
door (not shown) at the front of the firecbox 8.

In the embodiment shown, the wood burner 2 also
includes a second air supply means for introducing heated
secondary air into the firebox 8 in the region of the fire-
insulated secondary combustion zone 3, and adjacent to the
charcoal/reduction layer 12, to thus heat the secondary air as
it 1s being 1ntroduced into the firebox 8.

The secondary air supply means includes a number of
apertures 30 which are drilled into the firebase 3 in the
region of where the secondary combustion zone 5 will form.
Secondary air 1s drawn from outside of the firebox 8 and
directed up through the apertures 30—where the secondary
air 1s heated by the secondary combustion zone 3 and by the
adjacent charcoal/reduction layer 12.

It 1s also envisaged that the apertures 30 could addition-
ally or alternatively be formed 1n the firebase 3 1n the region
below the charcoal/reduction layer 12.

Hence, the second air supply means can easily, cheaply
and readily be retro-fitted to an existing wood burner as all
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that 1s required 1s the drilling of the apertures 30 in the
firebase 3 (and, optionally, adding some ducting 11 required
or desired).

The combustion system 1 also includes insulation means
for msulating the region of the secondary combustion zone
5 (and, to a lesser extent, the charcoal/reduction layer 12).
The 1nsulating means 1s 1n the form of a ceramic disc 18.

One purpose ol the ceramic disc 18 1s to maximise
temperatures within the region of the secondary combustion
zone 3.

Another (less important) purpose of the ceramic disc 18 1s
to introduce a small degree of air turbulence or mixing into
the region of the secondary combustion zone 5 which serves
to enhance the levels of combustion and/or increase the
temperatures of combustion. That 1s, the presence of the
ceramic disk 18 serves to create an air disturbance in the
region of the secondary combustion zone 35, and the result
may be compared to the act of blowing on a fire to increase
its intensity.

The ceramic disc 18 includes a ceramic cone-shaped
portion 16 which sits above an aperture 17 1n the ceramic
disc 18. The cone-shaped portion 16 1s supported above the
aperture 17 by a metal mesh (metal mesh not shown).

The ceramic disc 18 1s surrounded by the charcoal/
reduction layer 12. The charcoal/reduction layer 12 1s one of
the hottest places within the wood burner 2, with tempera-
tures often reaching up to 1500° C. Furthermore, this very
high temperature 1s usually maintained even when fresh
wood 6 1s placed 1n the wood burner 2.

The ceramic disc 18 serves as a pre-heater of the second-
ary air, after the secondary air passes through into the firebox
8 via the apertures 30, but before 1t passes up through the
aperture 17 and into the secondary combustion zone 5. This
arrangement serves to heat the incoming secondary air to a
point well above 600° C., which 1s the highest 1ignition point
of wood gas. An advantage of this arrangement 1s that when
new wood 6 1s added to the combustion system 1, we are
getting 1gnition instantaneously, whereas other prior art
fireplaces take considerable time to reach this temperature
(600° C.). And while prior art fireplaces are getting up to
temperature, they are admitting polluting gases and particu-
late matter. Conversely, my combustion system 1 produces
nil or negligible polluting gases and particulate matter, due
to the consistently high temperature within the firebox 8, and
especially within the region of the secondary combustion
zone 5 and charcoal/reduction layer 12.

The combustion system 1 and/or wood burner 2 may
work, or be operated, as follows:

Firstly, the firebox 8 of the wood burner 2 may be filled
with wood 6, and perhaps 1nitially filled with smaller pieces
of wood such as kindling, sitting atop paper for ignition

pUrposes.
Once the fire within the firebox 8 has become well

established, the wood 6 1 the drying zone 14, situated above
(or within) the primary combustion zone 4, will rapidly dry
out, releasing water vapour in the process. This moisture
vapour will 1n fact become a source of fuel when 1t 1s later
split into hydrogen and carbon monoxide as i1t passes over
the charcoal/reduction layer 12.

Once the wood 6 has dried out and entered the primary
combustion zone 4, 1t will firstly undergo pyrolysis and
combustion to produce predominantly charcoal and tar.

The pyrolysised wood 6 will then undergo further com-
bustion to produce predominantly carbon dioxide and water
vapour. IT enough oxygen i1s present, the temperature of
combustion may also be suflicient to partially consume the
charcoal and tar produced from the pyrolysis of the wood 6,
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however most existing wood burners would not ordinarily
be able to produce suflicient heat to be able to do this.

An advantage of the combustion system 1, 1s that the
combustion gases and particulate matter of pyrolysis are
required to travel down and across to the mouth of the lower
flue 11 1n order to escape to the atmosphere, thus drawing

them across the very hot -charcoal/reduction layer
12—which greatly enhances the further reduction of the
combustion gases, particulate matter and products of pyroly-
s1s to combustible gases. For example, carbon dioxide and
water vapour are “reduced” to the more combustible gases
of hydrogen and carbon monoxide. The natural draught
created by, or adjacent, the lower part 11 of the exhaust flue
7 1s adequate to facilitate thus process, and one advantage of
this process 1s that 1t provides for the side draught and/or
down drait of the combustion gases and products.

Furthermore, the resultant combustible gases such as
hydrogen and carbon monoxide (as well as any other com-
bustion gases and/or particulate materials and/or products of
pyrolysis) then pass through the secondary combustion zone
5. The secondary combustion zone 5 includes the provision
of secondary air supply means supplying super-heated sec-
ondary air which passes into the secondary combustion zone
5 via the aperture 17 in the ceramic disc 18. The secondary
air 1s super heated (well above 600° C.) by virtue of being
introduced through the very hot secondary combustion zone
5—which 1s adjacent the very hot charcoal/reduction layer
12. Moreover, the secondary air 1s further heated, or inten-
sified, by the presence of the msulating ceramic disc 18.

This super-heated secondary air 1s important to maintain-
ing consistently high temperatures within the firebox 8 and
secondary combustion zone 35, to thus ensure that virtually
all (if not all) of the combustion gases and/or particulate
matter are fully and completely combusted whereby the
combustion system 1 produces nil, or negligible, polluting
gases and/or particulate matter.

Furthermore, another important factor in being able to
maintain consistently high temperatures within the second-
ary combustion zone 3 1s because the secondary combustion
zone 1s surrounded by, and/or encompassed within, the
primary combustion zone—as previously described. That 1s,
the combustion system 1 utilises fire to imsulate or heat fire,
and this has been found to be a very important feature of the
combustion system 1.

The combustion system 1 results 1n less pollutants being
exhausted to the atmosphere generally, and also results 1n
less build up of soot and creosote products on the nside of
the exhaust tlue 7. For example, testing has shown that these
vastly reduced emissions only form very thin white or light
ogrey deposits on the cowl at the top of the tlue 7, whereas
previously this whole area had been covered in substantive
black deposits. It follows therefore that the flue 7 1s much
less prone to the build up of soot and creosote products, thus
reducing maintenance and also reducing the likelihood of
chimney fires. Moreover, the unnecessary build up of soot,
creosotes or tars within the flue has the detrimental effect of
cooling the flue (which this invention minimises or negates).

In one embodiment, one way ol further reducing the
exhausting of particulate matter from the wood burner 2
would be by separating the primary combustion zone 4 and
the secondary combustion zone 5, for example with a mesh
screen (not shown).

Some testing on the combustion system 1 was undertaken
as part of the “Wood Stove 20 Design Challenge” 1n the
USA 1 November 2013 and the results are shown 1n FIG.
7.

10

15

20

25

30

35

40

45

50

55

60

65

14

Some details relating to the testing 1s as follows:

1. All the testing was undertaken by the US National
Laboratory Brookhaven, owned by the US Government
via the Department of Energy.

2. Each stove was tested twice with two different makes
of portable gas analysers, the Testo 380 and Wohler
SM300, and the probe inserted 1n an aperture in the flue
about 500 mm above the stove.

. The test result provided 1s from the Testo 380.

4. The test was conducted on the combustion system 1,
when retro-fitted to a 30+ year old Treemont wood
stove.

5. Each test was for 15 minutes, my test had to be
abandoned at 8:05 minutes because the extreme tem-
perature overheated the gas analyser.

6. My result of zero (uncorrected) carbon monoxide levels
are the first mstance ever of a wood burner being
cleaner than o1l or natural gas.

7. The Particulate Matter (PM) readings are also super
low and on a comparative basis cleaner than o1l or
natural gas.

8. Both the PM and CO average emissions for this test are
lower than the figure Wikipedia gives for Natural Gas.
(Using an online converter for Natural Gas PM).

9. The readings spike at the start of the test because the
testers open the flue to put the probe 1n.

10. The test results are shown 1n FIG. 7.

FIGS. 3 to 6 illustrate different embodiments of the
combustion system 1 (and/or additional features that may be
utilised with the combustion system 1). For convenience
only, the same reference numerals will be used 1n relation to
the features of FIGS. 3 to 6, which are the same, or similar,
to the features noted 1n FIGS. 1 and 2.

Having regard to FIG. 3, there 1s shown a cut-away side
perspective view ol another possible embodiment of the
present mvention. FIG. 3 illustrates an alternative embodi-
ment whereby the second air supply means includes an air
channel 19 which penetrates the outside of the exhaust flue
7 and extends downwards 1nto the region below the ceramic
disc 18.

This 1s achieved by creating an aperture 20 1n the side of
the exhaust flue 7 at a point above the firebox 8 of the wood
burner 2. The air channel 19 may then be inserted through
this aperture 20 and be extended downwards and into the
ceramic disc 18, as shown. The secondary air travelling
through this channel 19 1s first heated by the exhausting flue
gases within the lower exhaust flue 11. Furthermore, the
secondary air 1s subsequently super heated by virtue of
passing through and out of the ceramic disc 18, which sits
within the very hot charcoal/reduction layer 12 (and sec-
ondary combustion zone 5)—in substantially the same fash-
ion as described 1n relation to the embodiments illustrated 1n
FIGS. 1 and 2).

FIG. 4 illustrates an embodiment whereby the combustion
system 1 can be adapted for use with a wood burner 2 which
has a rear exit tlue 7.

FIG. § 1illustrates an embodiment where the firebase 3 1s
tapered towards the secondary combustion zone 5 and/or the
charcoal/reduction layer 12 and/or the ceramic disc 18. An
advantage of such an embodiment 1s that the tapered firebase
3 helps to accumulate hot embers and/or charcoal towards,
or over, the entrance to the secondary combustion zone 5
and/or around the ceramic disc 18.

FIG. 6 1illustrates a control means for controlling the
transier of the gases and/or the particulate matter produced
from the pyrolysis and/or combustion of the biomass fuel.
That 1s, the control means controls the transier of the gases

(I
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and/or the particulate matter from the primary combustion
zone 4 to the secondary combustion zone 5.

The control means 1s in the form of a metal sleeve 32
which 1s adapted to partially cut off the secondary combus-
tion zone 5. The metal sleeve 32 serves to restrict the flow
of the gases and/or the particulate matter from the primary
combustion zone 4 to the secondary combustion zone 6.
When the wood burner 2 1s 1n the warm-up phase, then the
sleeve 32 may be removed so that a free tlow of air occurs
between the primary combustion zone 4 and the secondary
combustion zone 5. However, when the fireplace 1s hot, the
fire will be more eflicient if the transfer of the gases and/or
the particulate matter from the primary combustion zone 4
to the secondary combustion zone 6 1s restricted, that 1s by
fitting the sleeve 32 around the lower portion of the flue 11.

VARIATIONS

While the embodiments described above are currently
preferred, 1t will be appreciated that a wide range of other
variations might also be made within the general spirit and
scope ol the invention and/or as defined by the appended
claims.

I claim:

1. A combustion system, said combustion system com-

prising;:

a biomass burner that includes:

1. a firebox,

11. a firebase at, or forming, a bottom of the firebox,

111. a primary combustion zone for pyrolyzing and com-
busting the biomass fuel, the pyrolyzing and combus-
ting of the biomass fuel producing gases and particulate
matter,

1v. a {irst air supply having a first air pathway connected
into the firebox to thereby supply primary air into the
firebox,

v. a secondary combustion zone for combusting the gases
and the particulate matter produced from the pyrolysis
and combustion of the biomass fuel,

v1. an exhaust flue with an upper part that extends out of
a top of the firebox and a lower portion that extends 1nto
the firebox to a location above a first portion of the
firebase and adjacent a region of said secondary com-
bustion zone,

wherein the firebase includes a charcoal/reduction layer
support region, the charcoal/reduction layer support
region supporting a charcoal/reduction layer which
forms below the primary combustion zone, in the
region of the secondary combustion zone, and between
the primary combustion zone and the secondary com-
bustion zone,

the secondary combustion zone being at least partially
surrounded by the primary combustion zone,

wherein an opening of the lower portion of the exhaust
flue 1s located above the first portion of the firebase, the
first portion of the firebase including a first part of the
charcoal/reduction layer support region included 1n the
region of said secondary combustion zone 1n which the
charcoal/reduction layer 1s formed,

wherein the gases and the particulate matter produced
from the pyrolysis and combustion of the biomass fuel
in the primary combustion zone pass over, or through,
said charcoal/reduction layer and over said charcoal/
reduction layer support region including the first por-
tion of the firebase, prior to entering the secondary
combustion zone and the opening of the exhaust flue;
and
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a second air supply comprised of at least one aperture,
cach aperture having an inlet directly exposed to atmo-
sphere, each aperture extending through the first por-
tion of the firebase and having an outlet located below
a lower surface of the charcoal/reduction layer in the
region ol the secondary combustion zone to thereby
introduce a secondary air drawn from outside the
firebox, through the at least one aperture, and dis-
charged into the firebox at the first portion of the
firebase below and through the charcoal/reduction layer
in the region of the secondary combustion zone,

wherein the secondary air, being discharged through the at
least one aperture below a lower surface of the char-
coal/reduction layer in the region of the secondary
combustion zone, 1s heated by passing through the
charcoal/reduction layer and the secondary combustion
zone, as the secondary air 1s being ntroduced into the
firebox, above 600° C. and maintained above 600° C.
at a temperature suflicient to combust the combustible
gases and the particulate matter 1n the secondary com-
bustion zone.

2. The combustion system as claimed 1n claim 1, wherein
said secondary combustion zone 1s wholly surrounded by
said primary combustion zone.

3. The combustion system as claimed 1n claim 2, wherein
said first air supply comprises an air damper.

4. The combustion system as claimed in claim 1, wherein
said one or more apertures comprise plural apertures in the
firebase below the secondary combustion zone.

5. The combustion system as claimed 1n claim 4, wherein
said first air supply comprises an air damper.

6. The combustion system as claimed 1n claim 4, further
comprising;

a ceramic disc located above the plural apertures, the
ceramic disc having a ring and a main body supported
by the ring, the surrounding the plural apertures and
supporting the main body spaced apart from the plural
apertures, the ring and main body defining a space
between an upper surface of the firebox located around
the plural apertures and a lower surface of the main
body, the main body having a central aperture and a
cone portion extending into the central aperture, a top
of the cone portion being located above a top surface of
the main body,

wherein the charcoal/reduction layer surrounds the
ceramic disc,

wherein the secondary air, after passing through the plural
apertures, passes through the space along the lower
surface of the ceramic disc and out through the central
aperture of the main body along the cone portion into
the secondary combustion zone, and

wherein the firebase forms the bottom of the firebox.

7. The combustion system as claimed 1n claim 1, wherein
said first air supply comprises an air damper.

8. The combustion system as claimed in claim 1, wherein
the combustion system further includes insulation imsulating
the region of the secondary combustion zone and/or the
charcoal/reduction layer.

9. The combustion system as claimed 1n claim 8, wherein
said 1nsulation includes one or more apertures, through
which the secondary air may pass.

10. The combustion system as claimed 1n claim 8, wherein
said insulation 1s 1n the form of a ceramic disc.

11. The combustion system as claimed 1n claim 1,
wherein the firebase forms the bottom of the firebox,
wherein said secondary combustion zone 1s wholly sur-

rounded by said primary combustion zone,
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wherein said one or more apertures comprise plural

apertures 1n the firebase below the secondary combus-
tion zone, and further comprising:

a ceramic disc located above the plural apertures, the

ceramic disc having a ring and a main body supported
by the ring, the surrounding the plural apertures and
supporting the main body spaced apart from the plural
apertures, the ring and main body defining a space
between an upper surface of the firebox located around
the plural apertures and a lower surface of the main
body, the main body having a central aperture and a
cone portion extending into the central aperture, a top
of the cone portion being located above a top surface of
the main body,

wherein the charcoal/reduction layer surrounds the

ceramic disc, and the secondary air, after passing
through the plural apertures, passes through the space
along the lower surface of the ceramic disc and out
through the central aperture of the main body along the
cone portion into the secondary combustion zone.
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12. The combustion system as claimed 1n claim 1,

W.
\vid

herein the firebase forms the bottom of the firebox,
nerein said secondary combustion zone 1s wholly sur-
rounded by said primary combustion zone,

wherein said one or more apertures comprise plural

apertures 1n the firebase below the secondary combus-
tion zone, and further comprising:

ceramic disc located above the plural apertures, the
ceramic disc having a ring and a main body supported
by the ring, the surrounding the plural apertures and
supporting the main body spaced apart from the plural
apertures, the ring and main body defining a space
between an upper surface of the firebox located around
the plural apertures and a lower surface of the main
body, the main body having a central aperture,

wherein the charcoal/reduction layer surrounds the

ceramic disc, and the secondary air, after passing
through the plural apertures, passes through the space
along the lower surface of the ceramic disc and out
through the central aperture of the main body into the

secondary combustion zone.
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